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Abstract 
This presentation draws on the first year of a 3-year longitudinal study of elementary 
children’s development of mathematical modeling and their teachers’ associated 
professional development. We address the design of “pre-modeling” experiences that 
teachers implemented in 4 third-grade classrooms (8-year-olds), and show how these 
facilitated children’s working of subsequent model-eliciting activities (Doerr & English, 
2003; Lesh, Hoover, Hole, Kelly & Post, 2000). We report on the mathematical and 
social gains that children made during these model-eliciting activities, including their 
abilities to interpret and work with mathematical information, to identify trends and 
patterns in data, to represent their mathematical ideas in different formats, and to 
communicate and justify their mathematical ideas.  Brief consideration is also given to 
issues that arose in the professional development experiences of the teachers.    
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This paper reports on the first year of a 3-year longitudinal study of how young children develop the 
capability to engage in mathematical modeling within a community of inquiry.  By engaging in 
mathematical modeling, children identify the underlying mathematical structure of complex 
phenomena.  Because mathematical models focus on structural characteristics of phenomena (e.g. 
patterns, interactions, and relationships among elements) rather than surface features (e.g. 
biological, physical or artistic attributes), they are powerful tools in predicting the behaviour of 
complex systems (Harel & Lesh, 2002). Hence, mathematical modeling is foundational to modern 
scientific research in disciplines such as biotechnology, aeronautical engineering, and informatics as 
well as providing essential skills to cope with everyday life (Lesh & Doerr, 2003).  Mathematical 
modeling that explores topics of interest and fascination for children has the potential to enhance 
children’s understanding of the significance of mathematics and dispositions to engage in 
mathematics as a life skill.  Relevant and authentic problem situations that engage students directly 
in the problem situation improve their inclination to apply their real-world knowledge to the 
solution process (De Franco & Curcio, 1997).  Given these inherently interesting tasks children may 
develop the capacity to think mathematically and value mathematics as both a tool and a world view 
(Schoenfeld, 1992). Traditionally, students are not introduced to mathematical modeling until the 
secondary school levels (e.g., Galbraith et al., 1998; Stillman, 1998). However, the rudiments of 
mathematical modeling can and should begin much earlier than this, where young children already 
have the foundational competencies on which modeling can be developed (Diezmann, Watters, & 
English; Lehrer & Schauble, 2002; NCTM, 2000). Indeed, as Jerome Bruner (1960) argued long 
ago,  “Any idea can be represented honestly and usefully in the thought forms of children of school 
age, and these representations can later be made more powerful and precise the more easily by 
virtue of this early learning” (p. 33).   
 
A necessary adjunct to this study is an understanding of the ways in which teachers can develop an 
understanding of the richness of mathematical modeling as an approach to developing the content 
knowledge and thinking skills of children (Diezmann, Watters, & English, 2002; Doerr, 2002; 
Doerr & Lesh, 2002).  In this respect the focus taken has been one of multiple level collaboration in 
which teachers and researchers have engaged in planning and reflection on children’s learning 
(English, 2003). 
 
Thus, in this presentation the aim is first to report on the development of modeling eliciting 
activities that provide the opportunity for students to engage in multiple ways of interpreting a 
complex situation and provide multiple pathways for refining and revising their ideas (Doerr & 
Lesh, 2002). These activities will provide the opportunity to explore how children’s mathematical 
thinking might develop.  Second, we describe the interactions, transactions and reflections of the 
teachers engaged in implementing the program. 
 
Modeling activities, which provide the basis for subsequent model-exploration and model-
application activities, engage children in situations where key mathematical constructs are 
embedded within the problem context and are elicited by the children as they work the problem. 
Children (a) are confronted with the need to develop a model, (b) clearly recognise the need to 
revise or refine their current ways of thinking about the given problem situation, (c) are challenged 
to express their understandings in ways that they can test themselves and revise as often as 
necessary, and (d) develop models that can be shared with others and that can be applied in other 
problem situations (Lesh & Yoon, 2004). Modeling activities for children are inherently social 
experiences (Zawojewski, Lesh, & English, 2002; English, 2002) and provide the basis of the 
“effective communication, teamwork, and self-management” that employers are seeking 
(Batterham, 2000). The modeling activities are specifically designed for small-group work, where 
children are required to develop explicitly sharable products that involve descriptions, explanations, 
justifications, and mathematical representations. Numerous questions, conjectures, conflicts, 
 2 of 12  
revisions, and resolutions arise as children develop, assess, and prepare to communicate their 
products.  Because the products are to be shared with and used by others, they must hold up under 
the scrutiny of the team members.  In this social context, significant mathematical constructs are 
developed, explored, extended, and applied to develop a model reusable in a range of contexts 
(Zawojewski, Lesh, & English, 2003).  
    
Methodology 
The study used multilevel collaboration, which employs the structure of the multitiered teaching 
experiments of Lesh and Kelly (2000), and incorporates Simon’s (2000) case study approach to 
teacher development.  Multilevel collaboration is most suitable for this project, as it caters for 
complex learning environments undergoing change, where the mechanisms of development and the 
interactions among entities are of primary interest (Salomon, Perkins, & Globerson, 1991).   
 
Participants 
Four Year 3 classes (8-year olds) from a suburban school and their teachers participated in this 
study. The school volunteered to participate in the project as an opportunity for their teachers to 
experience some professional development related to an impending new syllabus which emphasised 
problem solving strategies. One class was taught by two teachers at different times during the year, 
thus five teachers were involved in the study. These teachers ranged in experience from relatively 
recent graduates to those who had in excess of twenty years of teaching.  Model eliciting activities 
were implemented over a six-month period (terms 2-3).   
 
Data collection involved classroom observations, which were videotaped, discussions after each 
lesson with the teachers, and a series of extended interviews that occurred at the conclusion of each 
discrete activity. Each researcher also recorded field notes that addressed critical events observed in 
lessons. In two classrooms, cameras were used to record the interactions of particular focus groups 
of children whereas in the other two classes cameras were used to monitor general classroom 
interactions with a focus on teacher behaviours. Interviews, salient video episodes and observational 
records were transcribed for detailed analysis. At the conclusion of the year the five teachers were 
interviewed in depth about their experiences and the impact they believed the activities had on 
student learning. Data were also collected at the commencement of the following year when the 
Year 3 teachers prepared and implemented a professional development session for the Year 4 
teachers.  Analysis of their interviews and focus of their professional development seminar provided 
insights into their understanding of the issues involved in the tasks and how they responded to 
individual student needs.  
 
Program 
The teachers were introduced to the nature of mathematical modeling and the inherent mathematics 
in a full day professional development session early in the year. The teachers were presented with 
some sample modeling activities that they worked through to identify the mathematics being 
developed, explain their own approaches to solution, identify how they think children would solve 
the problems, and discuss how they would implement the problems. A consensus was reached on 
the themes to be explored and how the modeling activities would be introduced.   
 
Because mathematical modeling was new to the children, it was important to implement a set of 
premodeling activities first. These activities were specifically designed to develop children’s skills 
in: (a) interpreting mathematical and scientific information presented in text and diagrammatic 
form; (b) reading simple tables of data; (c) collecting, analysing, and representing data; (d) 
preparing written reports from data analysis; (e) working collaboratively in group situations, and (f) 
sharing end products with class peers by means of verbal and written reports.  The activities were 
implemented by the teachers towards the end of first term through to the end of third term. Each 
activity took approximately 5, 40-60 minute lessons.  The tasks will now be briefly described.  
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 The first activity involving the study of animals required the students to read written text on “The 
Lifestyle of our Bilby,” which included tables of data displaying the size, tail length, and weight of 
the two types of Bilbies (Figure 1). Children answered questions about the text and the tables.  
 
Figure 1: The lifestyle of our Bilby 
 
In a second activity that focussed on food, the children were presented a text in which they read 
about the development of chocolate from the growth of the cocoa bean to the manufacture of 
various types of chocolates. Tables of data on the ingredients found in various chocolate types were 
included (Figure 2). After answering a number of questions on the given information, the children 
implemented their own survey about chocolate consumption, gathered and analysed the data, and 
then reported their findings to their peers. 
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Figure 2: Behind the chocolate scene. 
The third activity was “Beans, Beans, Glorious Beans”. This problem was presented in an 
aesthetically appealing narrative and proposed that Farmer Sprout is trying to decide which light 
conditions are best for growing Butter beans.  Students were provided with a brief statement that: “ 
To help Farmer Sprout make his decision, he went to visit the Farmers’ Association who are 
growing climbing Butter bean plants using two different light conditions.  The two light conditions 
being tested are: - 
a) Growing Butter beans out in the full sun with no shade at all, and 
b) Growing Butter beans underneath shade-cloth. 
 
The table of data shown in Figure 3 was presented: 
 
Figure 3: Farmer Sprout Data 
Children were then posed two tasks:  First, “Using the data above, determine which of the light 
conditions is suited to growing Butter beans to produce the greatest crop.  In a letter to Farmer Ben 
Sprout, outline your recommendation of light condition and explain how you arrived at this 
decision. Second they were required to: “Predict the weight of butter beans produced on week 12 
for each type of light.  Explain how you made your prediction so that Farmer Ben Sprout can use it 
for other similar situations. 
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The final activity concerned the development of a set of criteria to be used to judge a paper airplane 
competition.  This activity was posed to students in the form of a newspaper article from the 
“Indooroopilly Times”. The data presented are shown in Figure 4. 
 
 
Figure 4: Flight data 
 
The students were presented with the problem that in the past years, the judges have had problems 
with deciding how to select a winner and how to judge the contest.  They were required to use the 
given data from the previous years, to find a way to help the judges decide on the overall winner of 
the contest. The product was to be a letter written to the judges of the contest explaining to them 
how to determine who wins each of the categories (time in the air and distance travelled in a 
straight-line path) and how to decide the winner of the overall award for the contest.  
 
Results 
  
One of our approaches to analyzing the mathematical and social developments of the children was 
through the reflections of the individual teachers.  In reporting these developments, both general 
and specific concerns, issues and claims are examined.  
 
At the commencement of the year, the teachers were understandably anxious about the tasks. They 
were concerned that students would have problems with working collaboratively and about the 
response of different ability children. At least one of the teachers was a strong supporter of a 
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problem solving approach but also argued that often children who can solve the sorts of problems 
we were presenting could not always identify the strategies they used. There also was a sense of 
wanting clear guidelines for their own behaviours. The comment, “What do we want them to do?” 
raised early in the year resurfaced several times. Even in the middle of a lesson teachers would seek 
reassurance they were doing what we, as researchers wanted.  This attitude prevailed despite several 
discussions about their role as competent teachers and that we as researchers were attempting to 
identify the skills they possessed.  At least one teacher admitted she did not understand the 
expectations of the activities or what the tasks were about, in particular, the mathematical modeling 
as a process of using information to come up with a generalized system which involves multi-
representation. 
 
At the conclusion of the year, reservations still existed about the extent to which teachers felt they 
had a free hand to do what they wanted. These observations have implications for the multilevel 
collaborative methodology adopted.  There was limited appreciation of their role as experts 
contributing to a collaborative research agenda.  
 
The expectations and experiences of each teacher are now reported. 
 
Elizabeth   
Elizabeth was a highly experienced teacher with a strong interest in teaching science.  This 
disposition influenced the way she thought about implementing the tasks expecting to do the tasks 
not just see the tasks as “scenarios” in which data are embedded. She described how her students 
went about growing plants, constructing Bilby habitats and making paper aircraft.  The technology 
of the task appeared to be more persuasive than the embedded mathematical ideas.  
 
Throughout the year Elizabeth was concerned with management problems in her class and sensitive 
to the physical condition of her room. She became far more relaxed and cooperative when she was 
able to conduct the modeling activities in an alternative more modern room. She frequently 
described the class as difficult, naughty, and generally had low expectations of their capability. 
Nevertheless she reported that she had discussed the impact of the mathematical modeling problems 
with her class. Elizabeth felt that the actual task of writing and the associated literacy skills were 
daunting to the majority of the children.  Hence the follow-through on the activities was limited by 
a commitment to complete the prescribed tasks. However, she claimed that her children felt that 
“they got something out of it – i.e. they learnt new things – learnt how to do things differently and 
to look at things in another way.”  She stated that one of her girls had commented, “they were 
learning to think better.”     In presenting her briefing to the Year 4 teachers, Elizabeth emphasised 
that the students were “more aware of tables and data, and had greater familiarity with reading those 
tables and data.  The use of numeration above 3 digits was also advantageous and it surprised her 
that the students would benefit from this early exposure. 
 
Elizabeth noted that when introducing the flight problem, one of her students, Jack, had made a link 
from the Bilby Island project of the design phases to the flight problem. The notion of design and 
the processes needed to follow to implement a design process had transferred from the earlier task. 
This assertion was supported by the classroom observations, which demonstrated that students had 
a clear understanding of the overall requirements of the class.  However, in relation to the flight 
problem there was confusion about whether children would get to undertake actual constructions of 
the task and the frustrations of not building the aircraft distracted many students. Eventually 
Elizabeth did allow the children construct their own paper planes after the flight problem was 
finished.  She stated that the criteria derived from the flight problem influenced the students’ design 
principles.  
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Elizabeth felt that the children encountered problems with interpreting the data and conceptualizing 
the data into real life circumstances. There were many instances in the flight problem where 
peripheral information dominated discussions and thinking. For example, the use of the word 
“scratch” caused considerable problems in interpreting the rules of the task.  Scratch is a common 
term used in competitions to indicate that a contestant is disqualified, that is, scratched out.  
Students adopted the universal meaning implying some surface damage and hence if the paper plane 
was “scratched” during the contest it would be eliminated. 
 
In terms of social development, she noted that students felt more accountable to the class and that 
the expectation to report at the end of each activity encouraged them to become more engaged. 
They also “became more adept at tackling problems within the group because each member had a 
particular job to do.” Over time they also did become much more adept at working out various 
different information and asking different types of questions of themselves and the other group 
members.” 
 
Elizabeth felt that her development through participating in the problems was very valuable in terms 
that a new approach to teaching mathematics was experienced where it also covered the 
mathematics curriculum; and also the fact that this was being done in all the year 3 classes, and not 
just in one class – creating more uniformity.  These problems also put more responsibility onto the 
children, in terms of their learning both socially and curriculum-oriented. 
 
Isobel 
Isobel was a teacher of approximately ten years experience. She was an affable teacher who related 
well to children. She engaged early with the mathematical modeling tasks and appeared to be very 
enthusiastic and contributed considerably to the early discussions. She took the initiative in 
extracting some more complex ideas from the tasks and problems. She approached these tasks as 
long-term learning experiences to be developed over a period of weeks and saw them as highly 
integrated tasks in which children learnt to read and interpret the tabulated data, learned to co-
operate within groups to adequately achieve the task and learned a range of literacy skills such as 
report writing and letter writing. Her focus during many lessons, however, was mostly directed 
towards managerial and social issues. For the first time in her teaching, she was exploring matters 
of group size and strategies to establish effective group dynamics. For her, these were significant 
skills that the students needed to develop before effective engagement in the mathematical tasks 
was possible.  
 
In reflecting on the year, Isobel felt that the problems leant themselves towards the “higher-
thinking”. She felt that the more able children coped better than those children who are average or 
already struggling with mathematics.  By more able she defined those children who were competent 
with the basic mathematics operations (addition, subtraction, etc…) and were able to adequately 
participate in these problems, whereas, those children who didn’t have their basic mathematics 
“facts” were not able to participate to her satisfaction. In this regard, Isobel took a narrow focus 
towards the problems and did not value them for the potential they had to initiate learning.  He felt 
that children’s participation was constrained because the data embedded in the activities was “too 
overwhelming”.  She argued that “A gap existed in the task’s expectations.  Therefore, there was 
little time for mathematical processes.”  However, once Isobel established with the children the 
task’s expectations and it was understood, then the mathematical processes took place.  Although 
Isobel felt that the tasks definitely concentrated on mathematics – particularly in the areas of 
more/less, addition, subtraction, missing addends, ordering, measurements, the notion of not adding 
time and length together, and the notion of rates – she spent a considerable amount of class time on 
matters of literacy and group dynamics.  She argued that the scenarios surrounding the problems did 
not provide enough background to the children and that the inability to relate specific language to 
the problem was a constraint.  In this comment she was referring to the difficulty children had with 
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the use of the word scratch to indicate that if certain rules were disobeyed the paper plane in the 
Flight activity would be disqualified.  Isobel claimed that the flight problem was too difficult 
without elaborating on any reasons.  She also asserted that the children didn’t see the value in the 
activities – and suggested to have short-term rewards, such as, certificates awarded when 
completed. In contradiction of this she later stated that “advanced students were able to use higher 
level thinking, they felt challenged and revelled in it.”  She also subsequently proposed that there 
were other benefits related to mathematics:  
 
Mathematical language (use and understanding) improved; as the mathematical modeling activity seemed 
above their level, but they managed to use and understand in discussions. – At times you looked at the 
language and you thought it was a little above their level, but it’s amazing how they used tricky vocabulary 
and understood it over time.  They used it in their discussions and we found that at the end when they started 
asking questions to the groups that were reporting, they used some of these words. 
 
Isobel suggested she learnt how to manage groups better by assigning roles within the group and 
considerable scaffolding skills.  She also argued that discussions improved student questioning and 
the dynamics of reporting.   She also felt that undertaking tasks over an extended period of time was 
counterproductive. It would have been better to have done the activities in a more compacted time.   
 
Daphne and Noela 
The third class’s normal teacher was Daphne who for most of the year was acting in the role of 
deputy principal and was only involved in the initial professional development and the final flight 
activity. For most of the year Noela taught the class.  Daphne who took the lower ability stream 
early in the year was very insistent about having a structure for her lesson. She expressed some 
concern that the tasks were too open and perhaps difficult for lower ability children who require 
some “step by step process”.   She argued, “When there is a structure they can see the beginning 
and end of a problem”. There was much discussion about perfectionists, independent learners.  
There is a prevailing belief in heterogeneous groups within the class to support slower readers etc.  
There was consensus that teaching is now more about attending to the needs of individual students. 
There is an expectation that different children will respond differently.   
 
Daphne considered that at times the tasks were beyond the children. For example, she stated that the 
flight problem was too challenging for the majority of the children who only “skimmed the edge” of 
the task. She acknowledged like Isobel that there were difficulties with the language used and that 
multiple meanings inhibited student understanding of the task. Literacy skills were predominant in 
her analysis of the children’s responses to the task.  
 
She did argue that there were some benefits that came out of these problems/tasks that included 
mathematical concepts, social aspects and argumentation skills.  
 
Flight Problem Constraints (from children’s perspective in completing the task) were lack of 
experience, particularly evident with regards to the language aspect; and having a confined amount 
of time. 
 
Daphne felt that it was critical to ensure that the data presented in tables contain meaning and could 
be related to children’s real life circumstances. It was also important to focus children’s attention 
and teacher’s attention on interpreting and interrogating the data to make meaning.  
 
Noela who replaced Daphne for most of the activities was quite positive towards the activities. 
Noela was a younger teacher keen to pursue further studies and who did engage in the teaching with 
research orientation.  
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Noela felt that there was a development with the children over time; particularly with regard to data 
interpretation and that core mathematics was being addressed.  She believed that the children were 
grasping concepts of graphing, gathering and reading data 
 
Noela also noted that it was it was “difficult to pick which students would shine, as it is a different 
focus of mathematics being drawn upon. That is, some of the children having difficulties in 
mathematics shone when doing this type of problem.” 
 
Noela felt that she had learnt more about the children’s insights into their mathematical thinking, 
and group work. Professionally, she stated she learnt a lot about herself, particularly with regards in 
questioning techniques. 
 
Lucy 
The fourth class was taught by Lucy a highly experienced teacher.  She felt that the tasks fitted well 
into the curriculum, but that more preparation prior to the problem was needed in order to prepare 
the children with the necessary skills.  She felt that modeling was a little too challenging for the 
majority of the class. She cited for example the need to prepare children on the genre of letter 
writing, and report writing.  When these skills are developed she argued that teachers will be able to 
concentrate more on the mathematical modeling problems and less on how the children should be 
writing the genre. 
 
Lucy found that the children had difficulty with synthesizing the data and would have benefited had 
the task been broken into smaller bits – to cater for the ability differences among the class.  She 
argued that the students were motivated and enjoyed doing the task. She perceived that there was 
definitely growth in the children socially particularly where the quieter kids took on group roles.  
There was also a sense of mathematical growth in that children could find number patterns and 
apply their existing knowledge to get an answer.  It was observed that some students took this to the 
extreme and became distracted by seeking relationships between numbers at the expense of 
conceptualising the overall structure of the data. 
 
From her professional perspective she was concerned that she did not reflect sufficiently on what 
the children were thinking mathematically.  She felt that her learning would have benefited by 
building in more times for reflection meetings where the teachers could engage in discussing the 
children’s progress and learning that was occurring.  
 
Conclusions 
 
This study enhanced children’s and teachers’ capacities to engage in basic mathematical modeling, 
thereby laying the foundation for exploring complex systems. These activities were new and highly 
innovative learning experiences.  In analysing the data we sought to understand the perspectives of 
the individual teachers, their engagement in a multi-level collaboration and their insights into 
student learning of mathematics.  
 
A number of features emerged.  The teachers were adamant that the children enjoyed the activities 
although they were perceived to be challenging.  There was considerable hesitation among the 
teachers in how they should implement the activities. In retrospect, they admitted that more 
structure was needed for some students, while others required less intervention. There were clearly 
issues related to the level of literacy of the students and their ability to work collaboratively in 
groups. The teachers were hesitant to engage in certain teaching strategies for fear that this would 
not be what the researchers wanted. The teachers were explicit in their concern about not knowing 
how much latitude they had in implementing the tasks.  As a single significant outcome they 
identified this concern as a limitation to be addressed in the second year of the project.  Another 
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concern was the implementation of activities over a long period of time. A consensus of opinion 
was that students would be more motivated and learn better if the tasks were done within a 
compacted time period. However, timetabling issues made this problematic.  
 
The teachers believed that there were substantial social gains in relation to group work, social 
interaction, reporting and questioning skills.  They considered the students at the end of the year 
were well poised to engage in more mathematically oriented tasks and were more prepared to 
question assumptions and each others’ interpretation of the data.  
 
Finally, there appeared to be an acknowledgment that children’s mathematical ideas had improved. 
Mathematical language improved but also considerable fluency with the use of tables and data were 
acknowledged.  Indeed, a month into the year, a Year 4 teacher commented that the students were 
well advanced in the use of tables and graphs compared with her expectations.  However, there was 
an acceptance that students needed to know basic operations to be effective in these activities. 
 
Professionally, the teachers reflected on the lack of opportunity for joint planning and reflection 
during the year. They were very busy people and in retrospect were disappointed that they did not 
take advantage of the opportunities to engage more actively in understanding student thinking. In 
the context of normal classrooms this dilemma is a serious impediment to effective professional 
development. The teachers admitted that they had not participated in any mathematics professional 
development for a number of years and were now expected to implement a new mathematics 
syllabus within the next two years.  These issues highlight the importance of commitment and 
support for teachers to engage in professional development through models that require ongoing 
engagement with ideas. The outcomes from the first year will inform directions and priorities for 
year 2. 
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